cell-free extract from the SS-resistant strains due to acetylation of the drug. Comparative studies of the inactivation of the drugs which lack a 6'-amino group in the amino sugar linked to 2-deoxystreptamine strongly suggested that SS inactivation was due to acetylation of the 6'-amino group of the 4',5'-didehydropurpurosamine moiety.
Sisomicin (SS) was isolated from the fermentation broth of Micromonospora inyoensis (9) and has proved effective against Pseudomonas aeruginosa (8) .
This paper details the antibacterial activity of SS toward P. aeruginosa and the mechanism of SS inactivation by a cell-free extract from SS-resistant strains.
MATERIALS AND METHODS Bacterial strains. Four hundred and fifty-seven strains of P. aeruginosa isolated from clinical sources were used for the determination of drug resistance. Bacillus subtilis PCI-219 was used as a test strain for microbiological assay. P. aeruginosa GN150, sensitive to both SS and gentamicin (GM), was also used as a reference strain.
Chemicals. SS and each component of the GM-C (4) .
Inactivation of antibiotic by cell-free extracts. Crude enzyme solution (0.3 ml), 0.1 ml of 40 mM adenosine 5'-triphosphate, 0.1 ml of 2 mM CoA, 0.1 ml of 1 mM antibiotic, and 0.4 ml of TMK solution were mixed and incubated at 37 C for 2 h. After heating at 100 C for 3 min, the residual activity of SS in the reaction mixture was determined by using B.
subtilis PCI 219 as a test organism.
Incorporation of "IC-labeled acetate into SS. The reaction mixture contained 5 gliters of crude enzyme solution which was adjusted to 30 mg of protein concentration per ml, 5 uliters of "C-labeled acetate
(1 pCi), 5 Mliters of 2 mM CoA, RESULTS Antibacterial activity of SS and GM toward P. aeruginosa. The MIC distribution pattern was examined using 457 strains of P. aeruginosa. As shown in Fig. 1 , the MIC distribution patterns of both antibiotics exhibited a single peak, with a maximum at 6.25 ,g of each drug per ml. This indicates that, in the MIC test, growth at 25 ,ug/ml is a criterion of resistance to these antibiotics.
Inactivation of SS by cell-free extracts from resistant strains. Inactivation of SS by cell-free extracts from SS-resistant strains was examined (Table 1) Optimal conditions for the inactivating reaction. The optimal pH for the SS inactivation was about 7.5, and no significant difference was seen between pH 7.0 and 8.0. However, the inactivating activity was decreased at pH values below 6.5 or over 8.5 (Fig. 2) . The optimal temperature for the SS inactivation was 37 to 40 C, and the activity was greatly decreased at temperatures below 30 or over 50 C (Fig. 3) .
Mechanism of SS inactivation. Cell-free extracts from SS-resistant strains were used to elucidate the mechanism of SS inactivation. As shown in Table 2 , SS was inactivated in the complete system, indicating that SS inactivation is due to acetylation of the drug.
SS-resistant strains GN269, GN314, GN315, and GN362 could inactivate the drug in the presence of acetyl CoA. The incorporation of "4C-labeled acetate into SS was demonstrated by cell-free extracts from SS-resistant strains parallel with the SS inactivation.
To leam more about the mechanism of SS inactivation, GM-Cl and -C la, and kanamycins (KM)-A and -C were used as substrates, in addition to SS. As shown in Table 4 " In control, cell-free extract heated at 100 C for 3 min was used.
could inactivate SS, GM-C,a and KM-A, but did not in activate either GM-C, or KM-C. Similarly, the incorporation of "C-labeled acetate into drugs could not be demonstrated when either GM-C, or KM-C was used as substrate. These results strongly suggest that SS inactivation by resistant strains was due to acetylation of the 6'-amino group in the 4', 5'-didehydropurpurosamine moiety.
DISCUSSION
SS and GM-C,. are very closely related compounds, the only difference being the presence of the 4', 5'-dihydropurporosamine ring in the former and a purpurosamine ring in the Benveniste and Davis (1) reported that GMCia and -C2, as well as the kanamycins, were inactivated by a cell-free extract from E. coli NR79 due to acetylation of the 6'-amino group of the purpurosamine ring, but there was no acetylation of GM-C1. Mitsuhashi et al. (5, 6) reported that GM-C1, -Cla, and -C2 were inactivated by P. aeruginosa 99 and cape 18, and the mechanism of inactivation was found to be due to acetylation of the 3-amino group of 2-deoxystreptamine (2, 3).
It was reported in the previous paper (6) that SS was also inactivated by SS-resistant strains of P. aeruginosa, due to acetylation. The results described in the present communication indicate that the SS-inactivating enzyme could acetylate SS, GM-C,a, and KM-A, but could not inactivate GM-C, and KM-C, which lack a 6'-amino group in the amino sugar linked to the 2-deoxystreptamine moiety. The data strongly suggest that SS inactivation was due to acetylation of the 6'-amino group of the 4', 5'-dideoxypurpurosamine ring. Detailed studies of the inactivated position of SS will be described elsewhere. 
